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I, the undersigned, James Kweeder, hereby declare as follows: 

1. My educational and professional qualifications are shown in the attached resume (see 
Exhibit A). 

2. Further to my work in connection with the prosecution of the above-referenced patent 
application, I have read and I understand the text of the following documents and issued 
patents (hereafter referred to as "cited art"): 

a. Hoogendonk (US 3083406) 

b. Frenkenetal (US 3988398) 

c. Otsukaetal (US 3529326) 

d. Holland et al., Fluid Flow for Chemical Engineers, pp. 52, 53 and 55, (1995) 

e. Hankeetal (US 5466281) 

f. Bassetti et al (US 5378259) 

g. Stengel (US 3021207) 
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3 . It is my understanding from reading and reviewing the cited art that none of these references 
separately teach: 

A method to prill a shear-thinnable mixture comprising the steps of: 
providing a molten first component; 

mixing at least a second component with said molten first component; 

reacting said components at a temperature and for a time sufficient to form a 
shear-thinnable mixture having a viscosity, whereby the viscosity decreases with 
increased shear rate; 

mechanically agitating said shear-thinnable mixture by an agitator in a prill head, 
wherein essentially the entire liquid volume in said prill head is swept by saidl 
agitator to shear thin said shear-thinnable mixture; and permitting said shear- 
thinned mixture to flow through holes in said prill head under the influence of a 
force selected from the group consisting of static pressure and centrifugal force. 

4. Respectfully submits that the terms thixotropic and shear-thinnable, while related, aire not 
interchangeable and not understood in the field to mean the same thing. Examination of the 
Holland reference, particularly figures 1 .20 and 1 .21 (and the referencing text) illustra te the 
difference. Shear-thinnable refers to those liquids in which the viscosity decreases with 
increasing shear rate independent of time. Thixotropic, alternatively, describes a fluid in 
which the viscosity decreases with time while at constant shear-rate. While it is possible that 
a particular fluid be both thixotropic and shear-thinning (as illustrated in figure 1.21 of 
Holland), it is not required. A thixotropic viscosity can be independent of shear-rate (that 
is, Newtonian with respect to shear-rate but non-Newtonian with respect to time). 
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The difference between shear-thinning and thixotropic necessitates different approaches to 
device design. While exploiting either behavior requires shearing the material, it does not 
follow that one device suitable for one behavior will necessarily function as anticipated with 
the other behavior. In particular, shear-thinning usually requires that a particular shear-rate 
be achieved to accomplish the targeted viscosity. Consequently, it is necessary to specify 
that adequate shear-rate by the combination of shear device geometry and device velocity. 
Thixotropy, conversely, requires that shear be maintained for a specified time period. A 
device designed for shear-thinning may not sustain shear sufficiently long to process a 
thixotropic material and a device designed for thixotropy may not achieve adequate shear to 
process a shear-tmnning material. 

As one who is skilled in the art of fertilizer chemistry and fertilizer production, it would not 
be obvious to me, after a fair reading of each member of the cited art and after reviewing the 
combined cited art, to prill a shear-thinnable mixture, as listed in paragraph 3, because of the 
following: 

Hoogendonk Reference 

a. Hoogendonk states in Column 1 , lines 54-65 that: 

"In accordance with the present invention it has been found that prills of good 
quality can be obtained if the melt is sprayed from a reservoir which has a scraper 
arrangement including a rotary element rolling along the upright wall of the 
reservoir while the latter rotates. Owing to the rolling movement of the said 
element the inner wall of the reservoir remains clean and the spray openings do 
not become clogged. Due to the thixotropic properties of the melts to be sprayed, 
the shearing stresses produced by the rolling movement of the rotary element 
causes the melts to remain sufficiently fluid so thatno solid material will deposit 
on the wall or in the spray openings." 



Honeywell Docket No. 30-4874 (4960) 
Bingham Docket No.: 7037172001-32250.00 



b. As I read the above paragraph in the Hoogendonk reference, I first question the 
assertion that the melts are fluid as based on thixotropic properties. I assert that it 
may be the pressure created by the rollers, similar to the action of a positive 
peristaltic pump (see Exhibit B), causing the melts to prill easily over 
conventional methods used. 

c. In addition, as I read the above paragraph, if in fact the melts are fluid based on 
thixotropic properties, then as I - one of ordinary skill in the art - understand it, the 
only part of the melt that is thixotropic is that part of the melt that is between the 
inner wall and the rollers. There is absolutely no teaching or suggestion in 
Hoogendonk that any portion of the remaining melt, such as that portion of the 
melt in the middle of the apparatus, is being swept by the rollers or thixotropic. 

d. Hoogendonk states in Column 1, lines 35-42 that: "It is therefore an object of the 
present invention to provide an improved prilling device which prevents clogging 
of the spray openings and which has a relatively long life. A further object of the 
present invention is to provide an improved prilling device which utilizes a rolling 
member for preventing clogging of the spray openings." 

e. Hoogendonk mentions thixotropic fluids briefly without any discussion on these 
types of fluids or the shear-rate and/or time requirements when working with 
thixotropic fluids. 

f Hoogendonk also does not suggest to one of ordinary skill in the art that there 

might be some benefit to sweeping and/or agitating the entire liquid volume in the 
prill head to shear thin a shear-thinnable mixture. 

g. If the agitator action of Hoogendonk does in fact work, it would be limited to the 
shear zone between the roller and the wall The agitator action would not affect 
the entire liquid volume in the prill head. 
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h. Hoogendonk discloses a prilling device with an integral "agitator" that is 

specifically configured to roll along the inside wall of the prilling device for the 
specific purpose of keeping the prilling orifices "clear". One embodiment 
includes pins on the rolling device to mechanically clear the holes, the other is 
silent in whether a smooth roller or something textured is used to enhance 
clearing, (see Column 1, lines 59-66) But there is no teaching or suggestion tthat 
there is any benefit to using rollers to agitate or sweep the entire liquid volume of 
the reservoir, as mentioned in claim 1 of the above-referenced patent application. 

Frenken Reference 

a. The Frenken device includes a pump impeller with the specific purpose of raising 
the interior fluid pressure and forcing the melt to flow through the holes. The 
above-referenced patent application very specifically states that we prill through a 

combination of static and/or centrifugal pressure and not via pressurization. 

» 

b. The Frenken reference, like the Hoogendonk reference, is not placing any 
importance or critical embodiment on sweeping and/or agitating essentially the 
entire liquid volume in the reservoir to shear-thin a shear-thinnable liquid. In 
Column 2 of the reference, lines 14-23, it is explicitly stated that the distance from 
the inner wall of the reservoir to the ends of the blades is not critical . 

c. As a comparison, DE 2355660 teaches a cylindrical chamber with stirring blades, 
similar to that described in Frenken, However, the DE 2355660 points out tliat 
modifying the configuration of the chamber to be similar to the one described in 
the above-mentioned patent application would result in thickening, clogging of 
the prill holes, nonuniform product, large fraction of reject course grains and 
occasional large agglomerates that did not solidify in the prill tower. 
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Otsuka Reference 

a. The Otsuka reference is filled with references to how difficult it is to take the 
molten materials described in Otsuka and process them by conventional prilling 
methods, including those that utilize agitators, (see Columns 5-6) 

b. In order to combat the problems seen when incorporating the molten materials of 
Otsuka, Otsuka engineers using a series of mesh screens to break up and disp erse 
the molten materials. 

c. After a fair reading of Otsuka, I would understand how to produce molten 
materials containing nitrogen and potassium or phosphorus - but I would not 
understand how these molten compounds can be utilized by any conventional! or 
modified prilling methods other than those described in the Otsuka reference, 
especially after reading Columns 5 and 6 of the reference. 

Holland and Hanke References 

The Holland and Hanke references merely disclose thixotropic and shear- thinning materials. 
There doesn't appear to be anything in either the Holland reference or the Hanke reference 
that cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Fr enken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 



I 
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Bassetti and Stengel References 

The Bassetti and Stengel references disclose ammonium nitrate fertilizers and mixtures. 
There doesn't appear to be anything in either the Bassetti reference or the Stengel reference 
that cures the deficiencies of the Otsaka reference, the Hoogendonk reference or the Fr enken 
reference, in combination with one or all of them, that would lead someone in the field of 
fertilizer chemistry and fertilizer production to prill a shear-thinnable mixture. 



I hereby declare that all statements made herein of my own knowledge are true and that statements 
made on information or belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fiine or 
imprisonment, or both, under Title 18, United States Code, Section 1001, and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

Executed at Chester, Virginia, this 28 day of July, 2005. 




James Kweeder, Ph.D. 
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Clarkson University, Potsdam, NY: Doctor of Philosophy, Chemical Engineering. Dissertation: 
Nucleation Mechanisms in Microcellular Polymer Foams, 

Publications: 
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N. S.; Rasmussen, D.; Campbell, G. A., Foams '99, International Conference on Thermoplastic 
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The primary function of a pump is to transfer 
energy from a power source to a fluid, and as a result, 
to create lift, flow or greater pressure on the fluid. A 
pump can impart three types of hydraulic energy to 
any fluid: lift, pressure, and velocity. 

The classification of pumps used in this 
publication first defines the principle by which energy 
is added to the fluid, then identifies the means by 
which this principle is implemented, and finally, 
distinguishes among specific pump geometries 
commonly used. Under this classification system, all 
pumps may be divided into two major categories: 

1. dynamic pumps, where continuously added energy 
increases the velocity of the fluid which isliater 
converted to lift or pressure, and 

2. positive displacement pumps, where periodically 
added energy directly increases pressure or lift. 

This publication will only discuss positive 
displacement pumps. These pumps are normally 
used to produce high fluid pressures which are 
necessary for numerous agricultural applications; 
among them, the injection of chemicals into a 
pressurized irrigation pipe system. Other applications 
include fluid transfers, sprayers, and chemical 
metering. Positive displacement pumps used- for 
injection of chemicals in agricultural irrigation systems 
are discussed in more detail than other pumps. 
Dynamic pumps used for pumping water in 



agricultural applications are discussed in another 
publication. 

Positive displacement pumps are self-priming, 
which is especially advantageous when handling 
hazardous chemicals. It is important to note that self- 
priming does not imply that air can be pumped 
against pressure or into a pressurized system to prime 
a pump. Rather, the discharge line should be vented 
to the atmosphere until all air is removed from the 
system during priming. This is important if the 
suction line is long, contains large quantities of air, or 
if the pump is discharging into a pressurized system 
upon starting. The pump is primed when all air is 
- displaced by liquid in the suction line and there is a 
1„ continuous liquid column in the discharge line. 

Positive displacement pumps described in this 
publication can be subdivided into reciprocating and 
rotary pumps (Figure 1). This classification refers to 
whether a reciprocating or rotating mechanism is used 
to transfer energy to the fluid. 

RECIPROCATING PUMPS 

A reciprocating pump is one in which a piston or 
a. diaphragm displaces a given volume of liquid with 
each' stroke, The change in internal volume of the 
purrip creates the high pressure which forces liquid 
into the discharge pipe. Check valves on both the 
suction and the discharge sides of the pump allow the 
pumped liquid to flow in one direction only. 
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Figure 1. Types of positive displacement pumps. 
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Figure 2a. Piston pump - suction stroke. 



Reciprocating pumps are classified as piston or 
diaphragm pumps. This classification is based on the 
type of reciprocating element used to transfer energy 
to the fluid. 




DISCHARGE 
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Figure 2b. Piston pump - discharge stroke. 




Figure 2c. Double acting piston pump. 



Piston Pumps 

In piston pumps, a piston, which is attached to a 
jnechanical linkage, transforms the rotary motion of 
a drive wheel into the reciprocating motion of the 
piston. On an intake stroke (Figure 2a) the liquid 
enters the cylinder through the suction check valve. 
On a compression stroke (Figure 2b) it is forced into 
the discharge line through the discharge check valve. 
This action is similar to the action of a piston in the 
cylinder of an automobile engine. 

The flow rate of a simple piston pump is not 
constant since there is no flow on the intake stroke 
and the flow varies from zero to a maximum and back 
to zero on each compression stroke. 

Pulsation of flow can be reduced by using a 
double action piston pump (Figure 2c) where the 
volume on both sides of the piston is used for 
pumping liquid. In this case, each suction stroke is a 
companion compression stroke for the opposite side 
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Figure 3a. Diaphragm pump - suction stroke. 



of the pump and the liquid is pumped on both 
strokes. 

To reduce the fluctuations even further, more 
than one cylinder can be employed in the same pump. 
In addition, each cylinder can be single or double 
acting. However, it should be noted that the 
pulsation of the flow is usually not a problem when 
chemicals are injected into an irrigation system, and 
pumps of the type shown in Figure 2a and Figure 2b 
are commonly used for this purpose. 

The flow rate of a piston pump can be varied by 
changing the reciprocating speed of the piston or the 
length of the piston stroke. Variable speed drive 
motors are also used sometimes to alter pumping 
rates, but this is a more expensive option. The upper 
limit for metering pumps of this kind is about 350 
strokes per minute. Capacities of piston pumps vary 
from a few cubic inches per hour to 20 gpm. For 
chemical injection into irrigation systems, capacities in 
the range of 0.01 to 0.5 gpm are commonly used. 




Figure 3b. Diaphragm pump - discharge stroke. 

Piston pumps can create high pressures (up to 
50,000 psi) and they deliver a constant flow rate 
independent of the discharge pressure. They can run 
dry without damage and do not require downstream 
check valves. Piston pumps are mechanically simple 
and can have an exceptionally long life if properly 
maintained. Maintenance is critical, however, because 
internal parts of the pump are in direct contact with 
the pumped liquid. This may create problems when 
corrosive chemicals are being pumped. In addition, 
piston pumps cannot be used for pumping abrasive 
liquids or chemicals which crystalize. 

The cost of piston pumps ranges from several 
hundred to 2 or 3 thousand dollars. The more 
expensive models can be adjusted for calibration while 
operating, while the simpler models must be stopped 
for any adjustment. Piston pumps are bulky, heavy, 
and can have a significantly pulsating discharge. 
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Diaphragm Pumps 

Diaphragm pumps are the most common positive 
displacement pumps used in agricultural applications. 
The operation of a diaphragm pump is similar to that 
of a piston pump. The pulsating motion is 
transmitted to the diaphragm through a fluid or a 
mechanical drive, and then through the diaphragm to 
the pumped liquid. A schematic of this type of pump 
is presented in Figure 3a and Figure 3b. 

A major advantage of diaphragm pumps is that 
the pumped liquid does not come into contact with 
most of the working parts of the pump. The only 
moving parts which are in contact with the pumped 
liquid are the diaphragm and the suction and 
discharge check valves. Hence, diaphragm pumps are 
suitable for pumping corrosive liquids which is often 
the case with chemical injection into an irrigation 
system. 

For diaphragm pumps, the pumping 
characteristics depend on the method by which the 
driving force is transmitted to the diaphragm. Less 
expensive ($200 - $500) diaphragm pumps are 
mechanically driven. They use an unsupported 
diaphragm which is moved in the discharge direction 
by a cam or by a piston. These mechanically driven 
diaphragm pumps have pressure limitations of 125 to 
150 psi and capacity limits of 12 to 15 gpm. 

The pumping rate for mechanically driven 
diaphragm pumps vary with the pressure that the 
pumps are operating against. Thus, field calibration 
while pumping against a pressurized system is 
required for accurate calibration. However, 
diaphragm pumps are made to be adjustable while 
operating, which makes the process of calibration 
easier. 

Since most irrigation systems operate at a 
constant, predetermined pressure, mechanical 
diaphragm pumps are often used for chemical 
injection into an irrigation system. Once calibrated 
for the operating pressure, the pump does not have to 
be frequently adjusted. 

Liquid-driven diaphragm pumps provide all of the 
advantages of both piston pumps and mechanically 
driven diaphragm pumps. They can create the same 
high pressures as piston pumps. For liquid-driven 
diaphragm pumps, the pumping rate is also 
independent of the discharge pressure (as in piston 
pumps) since for all practical purposes liquid is 



incompressible. The discharge capacity of these 
pumps is up to 20 gpm, but rates of 0.01 to 0,5 gpm 
are most common for chemical injection applications. 

Liquid-driven diaphragm pumps are usually 
significantly more expensive ($1,500 - $3,000) than 
mechanically driven diaphragm pumps and, for some 
applications, this additional expense cannot be 
justified. Liquid-driven diaphragm pumps are often 
used when high precision is required such as for 
injection of pesticides into irrigation systems. 

Diaphragm pumps can be run dry for extended 
periods of time without damage. However, operation 
against a closed discharge must be avoided since high 
pressure may build up on a discharge side. Shutoff 
valves, responding to high pressure on the discharge 
side, should be installed on the suction side of the 
pump. 

Most diaphragm pumps can be adjusted for 
calibration when running. If the length of stroke can 
be adjusted using a mechanical linkage, they do not 
require variable speed drives to alter pump discharge. 

ROTARY PUMPS 

Rotary pumps transfer liquid from suction to 
discharge through the action of rotating gears, lobes, 
vanes, screws, or similar mechanisms. These rotating 
elements operate inside a rigid casing. Rotary pumps 
do not require check valves for proper operation. 
However, these pumps are often equipped with check 
valves to assist with priming and to avoid backward 
flow when the pump is stopped. 

Rotary pumps can be classified into the following 
groups (Figure 1): gear, lobe, vane, screw, flexible 
impeller. This classification is based on the type of 
rotating element used to transfer energy to the fluid. 

Gear Pumps 

A gear pump can be classified as internal (Figure 
4) or external (Figure 5) depending on the position of 
the gears. In the internal gear pump (Figure 4) the 
inside gear is attached to the pump drive shaft and 
the outside gear, which is a part of the pump casing, 
is an idler gear. In the external gear pump there are 
two meshing gears of equal size (Figure 5) located in 
the pump case. One of the gears is attached to the 
pump shaft and the other is an idler gear. 
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Figure 4. Internal gear pump. 
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Figure 5. External gear pump. 

The operation of a gear pump is based on the 
partial vacuum which is created by the unmeshing of 
the rotating gears. This vacuum causes liquid to flow 
into the pump. Then, the liquid is carried between 
the gears and the casing to the discharge side of the 
pump. The meshing of the rotating gears on the 
discharge side prohibits backward flow and generates 
an increase in pressure which forces liquid into the 
outlet line. 

Both internal and external gear pumps can 
theoretically be run in either direction, but in most 
cases they are equipped with pressure relief valves 
which prevent buildup of pressure above safe levels. 
The recommended direction of flow is clearly marked 
on the outside of the pumps. Check valves are 
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Figure 6. Lobe pump with two impellers. 



sometimes also used to insure proper direction of 
flow. 

Gear pumps produce a constant discharge for a 
set speed of rotation, thus the pulsation of flow is 
negligible. They depend on the pumped liquid for 
lubrication and they can be damaged when they run 
dry. Gear pumps can easily be damaged when 
operating against a closed discharge and, therefore, a 
pressure relief valve is a necessary part of the pump 
installation. A bypass valve, which returns part of the 
liquid from the discharge to the suction side of the 
pump when the pressure is too high, is used by some 
manufacturers to prevent pump damage. 

The alignment of internal parts in a gear pump is 
very critical because close clearances between moving 
parts are essential. As a result, abrasive fluids quickly 
damage these pumps. Gear pumps should be used 
for chemical injection of nonabrasive liquids only. 
They are also used in some hydraulic servo systems, 
sprayers, and as pumps for machine-tool services. 

Lobe Pumps 

Lobe pumps operate like external gear pumps, 
but the gears are replaced by impellers which have 
two or three lobes. Figure 6 illustrates a three-lobe 
pump with two impellers. The number of lobes will 
determine the amount of pulsation from the pump 
output. The greater the number of lobes, the more 
constant is the discharge from the pump. 
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Figure 7. Vane pump. 

The lobed impellers are easier to replace and 
tend to wear less with abrasives than the gears in the 
gear pump. The alignment is also less critical in the 
lobe pump than in the gear pump. 

Lobe pumps are self-priming and can pump liquid 
which contains vapor or air. For these reasons lobe 
pumps are frequently used in vacuum pumps and 
compressors. 

Vane Pumps 

In vane pumps, fluid is pumped using a rotor 
mounted off-center in the pump casing. Rectangular 
vanes are placed at regular intervals around the rotor, 
and the vanes are free to move in a slot (Figure 7). 
As the rotor spins, the vanes are moved toward the 
casing by centrifugal force, and they form chambers 
in which the fluid is moved along the casing. Liquid 
enters the pump due to the vacuum which is created 
by the eccentricity (off-center location) of the rotor 
when in operation. The same eccentricity creates the 
pressure at the outlet. 

Vane pumps produce a constant flow rate for a 
given rotor speed. The pulsation is negligible and the 
original capacity is not affected until the vanes are 
significantly worn. These pumps can be operated in 
either direction. Like most of the positive 
displacement pumps, vane pumps cannot operate 
against a closed discharge without damage to the 
pump. Because of this, pressure relief valves are 
often installed on the discharge side of the pump and 
check valves are used to establish direction of flow. 




Figure 8. Single screw pump. 



Vane pumps are frequently used for lubrication of 
machine-tools, and in electro-hydraulic control 
systems. They are also used in some spraying 
equipment. 

Screw Pumps 

Screw pumps consist of helical screws which 
revolve in a fixed casing (Figure 8). As the screw 
rotates in the casing, a cavity created between the 
screw and the casing progresses towards the discharge 
side of the pump. This movement creates a partial 
vacuum which draws liquid into the pump. The shape 
of the casing at the discharge end is such that the 
cavity becomes closed. This generates pressure, 
pushing the liquid into the discharge line. Some 
screw pumps use double screws which guide the liquid 
to the same discharge point. 

Screw pumps produce a constant discharge with 
negligible pulsation. They have an exceptionally long 
life expectancy. They are built in a veiy wide range 
of sizes and capacities with pressure ranges from 50 
to 5000 psi. A pressure relief valve is required at the 
installation since screw pumps cannot be operated 
against a closed discharge. Screw pumps can operate 
in one direction only. 

Significant disadvantages of screw pumps are that 
they are bulky and heavy. Application of screw 
pumps in agriculture is limited to food processing and 
hydraulic systems for machine tools. 
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Figure 9. Flexible impeller pump. 



Flexible Impeller Pumps 

Flexible impeller pumps consist of flexible-bladed 
impellers which are placed eccentrically in casings 
(Figure 9). The impeller blades unfold as they pass 
the suction port, creating a partial vacuum which 
causes liquid to flow into the pump. As the rotor 
moves, the blades bend due to the eccentric 
placement of the rotor, resulting in a squeezing action 
on the liquid and increased pressure. The discharge 
of a flexible impeller pump is thus uniform with 
negligible pulsation. 

Flexible impeller pumps are typically not 
equipped with pressure relief or check valves, because 
they can operate against a closed discharge for a short 
time without damage and the contact between the 
impeller and casing prevents backwards flow. These 
pumps cannot pump against high pressure and are 
usually used in applications where the pressure does 
not exceed 30 psi. Because of pressure limitations, 
the flexible impeller pumps are not usually selected 
for the injection of chemicals into irrigation systems. 
They are commonly used as fluid transfer and low 
pressure metering pumps. 

MISCELLANEOUS PUMPS 

Eccentric cam pumps and peristaltic pumps are 
discussed here. They differ from the previously 
discussed rotary pumps by the fact that the liquid 
being pumped is not in direct contact with a rotating 
element. 
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Figure 10. Eccentric cam pump. 

Eccentric Cam Pumps 

Eccentric cam pumps are also called rotating 
piston or plunger pumps (Figure 10). These pumps 
have some of the characteristics of both rotary and 
reciprocating pumps. The primary component of 
these pumps is the eccentric cam which rotates within 
a circular housing inside a cylindrical plunger which 
is in direct contact with the pumped liquid. Cam 
rotation causes the cylindrical plunger to change 
position relative to the fixed casing. The cavity 
created between the plunger and the housing 
transmits the fluid towards the pump discharge. 
During the cam cycle the volume available for liquid 
inside the pump progressively decreases, resulting in 
increased pressure at the discharge side of the pump. 

Eccentric cam pumps are self-priming, do not 
require check valves and can pump in either direction. 
These pumps have their primary moving parts 
separated from the pumped liquid, and therefore can 
be used for pumping corrosive substances. 

There are other variations of cam pumps, such as: 
diaphragm cam pumps, flexible liner cam pumps, and 
variable volume eccentric cam pumps (also called 
sliding shoe pumps) which are sometimes used for 
agricultural applications. More information on these 
pumps can be found in Holland and Chapman (1966). 



Positive Displacement Pumps for Agricultural Applications 
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Figure 11. Peristaltic pump. 



Peristaltic Pumps 

Figure 11 shows a typical peristaltic pump. A 
flexible tube passes through the fixed casing of the 
pump. A rotor with rollers attached to it moves and 
presses against the flexible tube. This squeezing 
action produces an even flow of liquid. For proper 
action it is important that the tubing is flexible 
enough to allow the rollers to squeeze it until it is 
completely closed. Special tubing, often tygon tubing, 
is used with peristaltic pumps. Because rollers 
continuously pass over and compress it, the tubing life 
expectancy is limited. This life varies with the type of 
tubing, but averages about 200 hours. 

Peristaltic pumps are self-priming. They do not 
require check valves. The pumped fluid is completely 
isolated from the moving parts, which permits 
pumping of corrosive substances. These pumps can 
be run dry for extended periods of time without 
damage to the pump. 

Peristaltic pumps are used mostly in chemical 
laboratories, but they can be used for injection of 
chemicals into small irrigation systems. Their capacity 
is limited and most of them produce relatively low 
pressure (30-40 psi). However, special models are! 
manufactured which can produce up to 100 psi. 



OPERATING PROBLEMS 

Common problems that occur during operation of 
positive displacement pumps are presented in Table 
1. Six common problems and possible reasons for 
each one are addressed in this table: 

1. the pump does not deliver any liquid, 

2. the pump delivers less liquid than its rated 
capacity, 

3. the prime is lost during operation of the pump, 

4. the pump is noisy, 

5. the pump wears more rapidly than should be 
expected, and 

6. the pump takes too much power. 

SUMMARY 

Different types of positive displacement pumps 
are discussed in this publication. Positive 
displacement pumps are classified as reciprocating 
and rotary types depending on the mechanism used to 
transfer energy to the fluid. Reciprocating pumps, 
including both diaphragm and piston types, are 
commonly used for chemical injection into 
agricultural irrigation systems. Rotary pumps include 
gear, lobe, vane, screw, flexible impeller, eccentric 
cam and peristaltic pumps. Basic principles of 
operation, typical applications, advantages and 
disadvantages of each type are presented. 
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